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IN THE CLAIMS 




(original) A memory system comprising: 

primary memory controller; 
a Wmory data bus, having an effective bit-width m 9 coupled to the primary 
memory controller; and 

at least one memory module coupled to the memory data bus, the memory module 
having a module data bus with an effective bit-width N ~Rxm 9 where R is an integer value 
greater than one, the memory module comprising an interface circuit coupled between the 
memory data bus and the module data bus, the interface circuit capable of performing w-bit- 
wide data transfers on theSmemory data bus, the interface circuit capable of performing iV-bit- 
wide data transfers on the module data bus. 



2. (original) The memory system of claim 1 , wherein the memory data bus 
comprises a point-to-point bus having one data bus segment connecting the primary memory 
controller and the first of the at leasrsone memory modules, and one additional segment for 
each additional memory module, the additional segment connecting the additional memory 
module to the module immediately preceding it. 



3. (original) The memory system oftlaim 2, the memory data bus further 
comprising a ring data bus segment connecting the last of the memory modules in the 
memory system back to the primary memory controller. 

4. (original) The memory system of claim 1, the memory data bus and the module 
data bus each having a clock rate, the memory data bus clicking at a rate R times the clock 
rate of the module data bus. 



5. (original) A memory module comprising: 

R ranks of memory devices, where R is at least two, ea<Jh rank having an m -bit- 
wide data port; 

a module data port capable of exchanging data signaling ov^a memory data bus 
having an effective bit- width m\ 

an interface circuit coupled between the module data port and th^ memory- 
device-rank data ports, the interface circuit capable of performing m-bit-wide oata transfers at 



AMENDMENT 

APPLICATION NO 09/678,75 1 
Received from < 5032744622 > at 7/2/03 6:42:33 PM [Eastern Daylight Time] 



PAGE 3 



DO. NOS5038-63 



07/02/03 15:36 FAX 5032744622 MARGER JOHNSON McCOLLOM @006 



the module dam port, the interface circuit capable of performing R x m -bit-wide data 
transfers with th<e R ranks of memory devices; and 

a controller capable of synchronizing the operation of the interface circuit and the 
memory device ranks such that a data transfer comprising R serial data transfers on the 
memory data bus carfybe completed internal to the memory module with one Rxm -bit-wide 
data transfer with the ntemory device ranks. 

6. (original) The memory module of claim 5, wherein the interface circuit 
comprises: \ 

R m-bit-wide dataregisters, each register capable of exchanging point-to-point 
data signaling with a corresponding rank of memory devices through the data port of that 
rank; and \ 

a multiplexer, having awnultiplexing ratio R, coupled between the R data registers 
and the external data port. \ 

7. (original) The memory module of claim 6, wherein the controller supplies rank 
selection signals to the multiplexer and register latching signals to each of the data registers. 

8. (original) The memory module of claim 6, wherein data signaling between a data 
register and its rank of memory devices furtherseomprises a bit mask received from the 
memory data bus along with a corresponding m bits, the multiplexer transferring the bit mask 
to the data register along with the corresponding mtoits. 

9. (original) The memory module of claim 6,\he controller capable of 
synchronizing the operation of the data registers, the moonle data port, and the 
multiplexer/demultiplexer in order to serialize data from a subset of the data registers onto the 
memory data bus. \ 

10. (Currently amended) The memory module of claim #\>, wherein data transfers 
between one of the data registers and the corresponding rank of memory devices occurs at a 
clock rate related to the clock rate of the memory data bus by a factor\l/fl. 

1 1 . (Currently Amended) The memory module of claim & 6, whe^ the module is a 
dual-inline memory module comprising a printed circuit board capable of connection to the 
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memory data bus via insertion o^the circuit board into a card edge connector connected to the 
memory data bus. 

12. (original) The memory module of claim 1 1, wherein R equals two, one of the two 
ranks of memory devices arranged on eVh side of the circuit board and connected to the 
corresponding data register via a set of module data signaling lines routed on the circuit 
board. 

13. (original) The memory module of claim 1 1, where the interface circuit comprises 
two interface circuits each serving half of the m\dule data port and half of each rank of 
memory devices. 




14. (original) The memory module of claimV wherein the module data port 
comprises a dual-port buffer, each port of the dual-port buffer capable of connection to 
another memory module in a point-to-point configuration of memory data bus segments. 



1 5. (original) The memory module of claim 14, whetein each port is capable of 
connection to an w-bit-wide memory data bus segment, wherein one port comprises a transfer 
port and the other port comprises a forwarding port, the moduleWpable of using the transfer 
port to transfer data signals between the interface circuit and a higher-level controller 
connected to the memory data bus, the module capable of using theVorwarding port to 
connect to a second memory module in order to transfer data signals between the transfer port 
on the first memory module and the transfer port on the second memory\module. 

16. (original) The memory module of claim 14, wherein each module data port is 
capable of connection to an n ^ -bit-wide memory data bus segment, wherehrthe dual 

module data ports comprise first and second transfer/forwarding ports, the module capable of 
retransmitting data signals received at one of the transfer/forwarding ports, but noudestined 
for that memory module, on the other transfer/forwarding port, the module also capable of 

transferring ^ data signals between each of the transfer/forwarding ports and the interface 
circuit. 
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17. (original) The memory module of claim 5, wherein data exchanges over the 
memory data bus comprise a data strobe signal, the module further comprising a data strobe 
circuit to generate data strobe signaling when transmitting data over the memory data bus. 

18. (original) The memory module of claim 17, wherein the controller begins an 
internal sequence of interface circuit write operations in response to an externally-supplied 
data strobe signal. \ 

19. (original) The memory moaule of claim 5, wherein data exchanges between the 
interface circuit and the ranks of memor)Ndevices comprise a data strobe signal, the module 
further comprising a data strobe circuit to gbierate data strobe signaling when transmitting 
data from the interface circuit to the ranks of memory devices, the interface circuit 
comprising a register circuit to latch data from the ranks of memory devices based on data 
strobe signaling received from those devices. \ 

20. (Currently amended) A method of host/memory communication comprising: 
initiating a data access transaction, involving N data bits, between a memory 

controller and a memory module; \ 

at the memory module, initiating a corresponding data access transaction between 
an interface circuit and R ranks of memory devices, each raiJc capable of w-bit-wide data 
transfers, R> 1; \ 

transferring the N data bits between the memory controller and the memory 
module in m-bit-wide data segments; and \ 

transferring the iVdata bits between the interface circuit imd the R ranks of 

N \ 

memory devices in M R x m -bit-wide segments, where M = is an integer value. 

Rxm \ 

2 1 . (original) The method of claim 20, wherein N^Rxm, such that for R data 
segments transferred between the memory controller and the memory modulte, one transfer 
occurs between the interface circuit and the memory devices. \ 

22. (original) The method of claim 20, further comprising clocking transfers between 
the memory controller and the memory module at R times the rate that transfers arkclocked 
between the interface circuit and the memory devices. \ 
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23. (original) The method of claim 20, further comprising initiating a valid data 
access transaction when AT is an integer multiple of m, but less than Rxm. 



24. (original) The method of clainr23, wherein when the data access transaction is a 
write transaction, transferring the N data bits between the interface circuit and of the 

ranks of memory devices, while signaling the remainder of the ranks to ignore the write 
transaction. 



25. (original) The method of claim 23, wheremWhen the data access transaction is a 
read transaction, transferring Rxm data bits, including the: TV data bits requested for the read 
transaction, from the R ranks of memory devices to the interfoce circuit, and transferring the 
N data bits requested for the read transaction from the memoiy^module to the memory 
controller. 
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